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ABSTRACT 



A semiconductor memory device having a parallel data test 
scheme is disclosed. The semiconductor memory includes 
an array that is partitioned into array portions with each 
array portion further divided into sub-arrays and banks. 
Each array portion providing data bits to a data compression 
circuit. The data compression circuit includes data compare 
sections and ripple sections. The data compare sections 
include data compare circuits that compare the data bits 
provided by each array portion and each provide a compare 
output to the ripple sections. The ripple sections are coupled 
together in series and provide global data compare outputs. 
A multiplexer selects between a data bit and the global data 
compare outputs to provide either a data output or a data 
comparison output to the output pin. 

12 Claims, 6 Drawing Sheets 
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PARALLEL DATA TEST FOR A 
SEMICONDUCTOR MEMORY 

TECHNICAL FIELD 

The present invention relates generally to semiconductor 
devices, and more particularly to data compression and/or 
parallel data testing of the memory cells in a semiconductor 
memory device. 

BACKGROUND OF THE INVENTION 

Semiconductor memory devices typically include a large 
number of memory cells, each of whicb can store one or 
more bits of data. The memory cells are arranged in an array, 
having a number of rows and columns. Memory cells within 
the same row are commonly coupled to a word line, and 
memory cells within the same column are commonly 
coupled to a bit line. The memory cells within an array are 
accessed according to the various memory device opera- 
tions. Such operations include read operations (common to 
nearly all memory devices), write operations (common to 
volatile memory devices), and program and erase operations 
(common to many nonvolatile memory devices). To access 
memory cells, an external memory address is applied, which 
activates a word line. When activated, row decoder circuits 
couple the data stored within the memory cells to the bit 
lines of the array. The memory address also activates column 
decoder circuits, which connect a given group of bit lines to 
input/output circuits and/or program/erase circuits. 

There are instances in which the user or manufacturer 
may wish to perform a high speed test of the data stored in 
the memory cells of the semiconductor memory device. For 
example, in the course of fabricating a semiconductor 
memory device, manufacturing defects can give rise to 
nonfunctional memory cells within an array. In order to 
quickly test the functionality of the memory cells, many 
semiconductor memories may have a feature known as 
parallel testing. In a normal read or write operation, the 
input/output (DQ) pins will carry data representative of a 
single particular addressed memory cell in the semiconduc- 
tor memory device. However, in a parallel test write 
operation, a single write operation may simultaneously write 
the data applied to a single DQ pin into a large number of 
memory cells. Conversely, in a parallel test read operation, 
a single read operation may compare data from a large 
number of memory cells and if the data is all of the same 
logic level, a "match" logic level will be applied to the DQ 
pin. If any of the number of memory cells has a data level 
different than the other memory cells being compared then 
a "mis-match" logic level will be applied to the DQ pin. 

The ability to test multiple memory cells in one read 
operation enables the manufacturer or user to reduce test 
time. Reducing test time saves money because the test 
throughput will be increased and a piece of test equipment 
will be able to test more memory devices in the same amount 
of time. This allows the manufacture to purchase fewer 
pieces of test equipment. 

A user may wish to use the parallel test capabilities to test 
the semiconductor memory device in his unique system 
environment. For example, the system environment may 
have an impact on the "soft" errors that occur in a memory 
device as every system may operate at a unique temperature, 
voltage, signal noise conditions, or even exposure to alpha 
particles or gamma rays. The user may use parallel test write 
cycles to write all logic ones into all of the semiconductor 
memory cells, then do a "pause" by not executing any cycles 
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over a period of time known as the "pause" time. Then the 
user will perform the parallel test read cycles to determine 
if any "soft" errors have been induced in the semiconductor 
memory device by the system environment. The user takes 

5 advantage of the parallel testing capabilities to reduce the 
total test time required, thus, increasing test throughput. 

Dynamic Random Access Memories (DRAMs) generally 
come in non-synchronous (DRAM) and synchronous 
(SDRAM) types. A non-synchronous DRAM will perform 

10 read and write cycles based on a Row Address Strobe (RAS) 
signal, Column Address Strobe (CAS) signal, and Write (W) 
signal. A SDRAM has an added Clock (CLK) signal that 
operates synchronously with the system and allows much 
faster data throughput than a non-synchronous DRAM. The 

15 faster data throughput (decreased read/write cycle time) 
means that data compression or comparison must be per- 
formed at faster speeds during the parallel test cycles in 
order to keep the same tight timing requirements in the test 
mode as is used in normal modes of operation. 

20 Chip (die) size is an important aspect of the semiconduc- 
tor memory business. The smaller the chip, the more chips 
per silicon wafer can be manufactured. This decreases total 
cost per chip because the processing cost of each wafer is 
constant regardless of the number of chips contained on the 

25 wafer. Today, many semiconductor memory devices are of a 
wide word type. For example, there may be 16, 32, 64 or 
even more output pins (DQs) per chip. On the chip itself, the 
portion of the semiconductor memory array that corresponds 
to each DQ will be located as close as possible to the DQ 

30 bond pad. This allows the data lines that transport data from 
the bond pad to the array portion to be as short as possible. 
This improves speed due to lower capacitive and resistive 
effects and decreases chip size because there are not a large 
number of data lines running the length of the memory chip, 

35 thus taking up valuable space. However, in order to perform 
parallel test operations, a large number of data bits must be 
brought to the compare circuitry and the results of the 
comparison must be placed on a desired output pin (DQ). 
One method of bringing the large number of data bits 

40 together to be compared and/or compressed is to route the 
data lines on the chip to the location in which the 
compression/comparison circuit is located. This will take up 
valuable signal routing channels that are typically needed to 
route address and control signals to critical timing circuits. 

45 Additionally, this has the adverse effect of increasing data 
line resistance and capacitance and increasing the chip size 
because each data line will take up more area. 

It would be desirable to provide data compression/ 

50 comparison on a semiconductor memory device while occu- 
pying few signal routing channels and thus have less of an 
effect on chip size. It is also desirable to provide a method 
of data compression/comparison on the semiconductor 
memory device that can operate at high speeds, as may be 

55 needed in a synchronous memory as for example a SDRAM. 

SUMMARY OF THE INVENTION 

According to the present invention, a semiconductor 
memory device includes a parallel data test scheme. The 

60 semiconductor memory includes an array that is partitioned 
into array portions with each array portion further divided 
into sub- arrays and banks. Each array portion provides data 
bits to a data compression circuit. The data compression 
circuit includes data compare sections and ripple sections. 

65 The data compare sections include data compare circuits that 
compare the data bits provided by each array portion and 
provide a compare output to the ripple sections. The com- 
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pare output has a true logic level, a false logic level, and ao outputs shown as CD-Q1, CD-Q2, and CD-Q3. Ripple 

error logic level. The ripple sections are coupled together in circuit 126 receives the compare data CD-QO and provides 

series and provide a global data compare output. The ripple global compare data GCD-QO. Ripple circuit 128 receives 

sections include ripple circuits that receive the compare compare data CD-Q1 and global compare data GCD-QO and 
output and ripple outputs. The ripple outputs have a true 5 provides global compare data GCD-Q01. Ripple circuit 130 

logic level, a false logic level, and an error logic level. A receives compare data CD-Q2 and global compare data 

multiplexer selects between a data bit and a global data £CD-Q01 and provides global compare data GCDQ012 

compare output, that is provided from the last of the chain Rl PP le ^ compare data CD-Q3 and global 

of ripple circuits coupled together in series, to provide either ^^Jj? GCD-Q012 and provides global compare data 

a data output or a data a comparison output to an output pin. 10 *~ U "U 

A c iL . iL The multiplexer 106 receives the global compare data 

According to one aspect of the invention, the compare AA1 -, r , . , c j . . jSj ~- . 

. * -4- jii GCD-Q0123 and a data line from the data bus DLQ3 and 

circuit has a true compare portion and a false compare 4 4 „ tI _ , . ino ^ , *i_ * . 

... , ~* j r i « . « provides an output to the driver 108. Based on the output 

port.cn proving a true output and a fake output hiving the * mu iti p lexer 106, the driver 108 applies a logic level 

same logic level if the data compare does no. produce an ^ tQ ^ ^ ^ DQx ^ multiplexer $ passes t he data 

from the data line provided by the data bus DLQ3 to the 
According to another aspect of the invention, the ripple driver 108 tf the semiconductor memory 100 is operating in 
outputs are carried by conductors hat have a length substan- a normal read mode However, if the semiconductor memory 
tially smaller than the length of the semiconductor memory m fa operating m the para u e! data test mode, the multi- 
di e - 20 plexer 106 passes the global compare data GCD-Q0123 to 

the driver 108. 
The semiconductor memory 100 receives external control 
FIG. 1 is a block diagram illustrating a semiconductor signals as well as external address signals. The external 
memory with a parallel data test according to a preferred control signals and external address signals are not shown in 
embodiment. 25 orcIer not t0 clutter up the drawing. The parallel data test 

FIGS, 2A and 2B set forth a block schematic diagram of mode is entered upon the reception of a predetermined 
a semiconductor memory with a parallel data test according sequence of control and address signals. In some instances 
to a preferred embodiment. it mav even De desired to provide an over-voltage detector 

urn i ,v „ j- r „ Antn „ nmnnra to an address or control input buffer in order to detect a 

MG. 3 is a logic schematic diagram or a data compare t . , . , , , r . ...... * * > 

circuit 30 m S ner tnan SU PP* V voltage being applied, which could signal 

„ * M A An , _ , . , . - , the entrance of the parallel data test mode. This would 

FIGS. 4 A. 4B, and 4C are logic schematic diagrams of the elimiaate ^ a nce of and address si b ^ 

npple circuits accordmg to a preferred embodiment. a ^ mode) thus providing me flexibility of having more 

DETAILED DESCRIPTION OF THE "normal" modes of operation. 

EMBODIMENTS 35 ' a a " norma l" mode of operation, DQx is driven by data 

corresponding to a predetermined address received by the 

The preferred embodiment is a semiconductor memory semiconductor memory 100. The data compression circuit 
device with a novel data compare and compression scheme 104 has no effect on the operation of the semiconductor 
that allows multiple memory bits to be tested in parallel in memory 100 when operating in the "normal" mode of 
a single memory operation cycle. The memory device pro- ^ operation. However, in the parallel data test mode of 
vides high-speed data compressing/comparison while using operation, the data compression circuit 104 determines the 
a minimum number of signal routing channels, thus reduc- d a t a to be applied to the output pin DQx. The data com- 
ing adverse chip size effects. The semiconductor memory pression circuit 104 performs a comparison of all the bits 
device of the preferred embodiment is illustrated in a block received from the array 102 and provides either the data 
schematic diagram in FIG. 1 and is designated by the general 45 i og i c level or an error logic level to the output pin DQx. The 
reference character 100. compare circuit 118 compares the data received from array 

The semiconductor memory 100 in FIG. 1 comprises a section 110 and if the data is all of the same logic level, then 

memory array 102, a data compression circuit 104, a mul- a true or a false logic level will be applied to the ripple 

tiplexer 106, and a driver 108. The memory array 102 is circuit 126. A true logic level will be applied if all the data 

divided into four separate array sections ("quadrants") 50 received from array section 110 are a logic one, and a false 

(110-116) and are labeled as Quad-0, Quad-1, Quad-2, and logic level will be applied to the compare circuit 118 if all 

Quad-3. Each quadrant (110-116) provides a data line bus the data received from array section 110 are a logic zero. If 

(DLQO-3) to the data compression circuit 104. The data line the data received from array section 110 is not all at the same 

buses (DLQO-3) also provide data to the output pads with logic level then the compare circuit 118 provides an error 

DLQ0 and DLQ1 providing data from Quad-0 110 and 55 logic level to the ripple circuit 126. The ripple circuit 126 

Quad-1 112 to a set of output pads (not shown) on the left then provides global compare data GCD-QO having either a 

side of the semiconductor memory 100. Data line buses true logic level, false logic level, or error logic level in 

DLQ2 and DLQ3 provide data from Quad-2 114 and Quad-3 accordance with the logic level of the output of the compare 

116 to a set of output pads (only DQx is shown) on the right circuit 118. 

side of the semiconductor memory 100. go The compare circuits 120-124 operate in the same man- 

The data compression circuit 104 comprises four compare ner as the compare circuit 118. The compare circuits 

circuits 118-124, and four ripple circuits 126-132. Compare 120-124 receive data from array sections 112-116. The 

circuit 118 receives data from array section 110 by way of compare circuit 120 provides a compare output CD-Q1 to 

data bus DLQ0 and provides a compare data output shown the ripple circuit 128. The ripple circuit 128 receives the 

as CD-QO which stands for compare data of Quad-0 110. 65 global compare data GCD-QO from the ripple circuit 126 

Likewise, compare circuits 120-124 receive data from their and the compare output CD-Q1 from the compare circuit 

respective array sections 112-116 and provide compare data 120 and provides a global compare data output GCD-Q01. 
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If both the global compare data GCD-QO and the compare 
output CD-Q1 are at the true logic level, the ripple circuit 
128 provides a true logic level to the global compare data 
output GCD-Q01. If both the global compare data GCD-QO 
and the compare output CD-Q1 are at the false logic level, 
the ripple circuit 128 provides a false logic level to the 
global compare data output GCD-Q01. If the global com- 
pare data GCD-QO and the compare output CD-Q1 are at 
different logic levels, the ripple circuit 128 provides an error 
logic level to the global compare data output GCD-Q01. If 
the global compare data GCD-QO or the compare output 
CD-Q1 are at the error logic level, the ripple circuit 128 
provides an error logic level to the global compare data 
output GCD-Q01. 

The ripple circuits 130 and 132 operate in the same 
manner as the ripple circuit 128, except the ripple circuits 
130 and 132 receive compare output from their respective 
compare circuits 122 and 124. The data compression circuit 
104 provides the global compare data output GCD-Q0123 
which carries true, false, or error information from all of the 
compare circuits 118-124. Thus, it can be seen that an error 
in the data comparison from the compare circuit 118 asso- 
ciated with array section 110 will "ripple" through the ripple 
circuits 126-132 to produce an error logic level at the global 
compare data GCD-Q0123. Likewise, any error in the data 
comparison from any of the other compare circuits 118 will 
"ripple" through the ripple circuits to produce an error logic 
level at the global compare data GCD-Q0123. The multi- 
plexer 106 then applies the global compare data GCD- 
QO^ to the driver 108 which drives the output pin DQx to 
a logic level indicating either a pass-true, pass- false, or fail. 
As just one example, the pass-true logic level may be a logic 
high, the pass-false logic level may be a logic low, and the 
fail logic level may be a high impedance state. 

It can be seen from FIG. 1 that the global compare data 
lines GCD-Q0-GCD-Q0123 each have a length that is much 
less than the length of the chip. This reduces the resistance 
and capacitance of each line, which reduces signal transition 
times. Also, the global compare data lines do not "overlap." 
In other words there are no areas in which two of the global 
compare data lines run parallel to each other. This minimizes 
the number of routing channels needed to implement the 
parallel data test scheme, thus saving chip area. 

Referring now to FIG. 2 A and FIG. 2B, the semiconductor 
memory is set forth in a block schematic diagram illustrating 
the general architecture of the device and is designated by 
the general reference character 200. Certain elements from 
FIG. 2A and FIG. 2B have corresponding elements as 
illustrated in FIG. 1. Such corresponding elements are given 
the same general reference character as in FIG. 1, except the 
first number is a "2" instead of a "1". FIG. 2A illustrates the 
general architecture of the array sections 110 and 112 of 
FIG. 1 as well as the compare circuits 118 and 120 and ripple 
circuits 126 and 128 of FIG. 1. FIG. 2B illustrates the 
general architecture of the array section 116 of FIG. 1 as well 
as the compare circuit 124 and ripple circuit 132 of FIG. 1. 
The array section 114, compare circuit 122, and ripple 
circuit 130 of FIG, 1 is not illustrated in FIG. 2Aor FIG. 2B 
as they are generally identical to the array sections 112 and 
116, compare circuit 120 and 124, and ripple circuits 128 
and 132 of FIG. 1. 

The semiconductor memory of FIG. 2A and FIG. 2B 
comprises a memory array 202, a first data compression 
circuit 204a, a second data compression circuit 2046, a first 
multiplexer 206a, a second multiplexer 2066, a first driver 
208a, and a second driver 2086. Referring now to FIG. 2 A, 
the memory array 202 comprises array portions 210 and 212 
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(the memory array 202 further comprises an array portion 
not shown) and an array portion 216 in FIG. 2B. The array 
portion 210 (also labeled as Quad-0), has eight sub-array 
portions 234a-234/i. Each sub-array portion 234a-234/i has 

5 two local input/output lines (LIOs) on each side. The LIOs 
may each comprise complementary pairs, but to simplify the 
drawing, each LIO is only drawn as a single line. Each LIO 
is coupled to an amplifier (AMP). Only the end amplifiers 
(AMP) are labeled in order to prevent excess cluttering up 

10 of the figure. Thus, there are two amplifiers (AMP) on each 
side of each sub-array portion 234a-234/t. The array portion 
210 is further divided into four banks (BANKO-3). Each 
sub-array portion 234a-234/i contains portions of two 
banks. For example, each sub-array portion 234a-234a* can 

15 be divided into two halves along the x-axis with the top half 
belonging to BANK0 and the bottom half belonging to 
BANK1. Likewise, each sub-array portion 234e-234/i can 
be divided into two halves along the x-axis with the top half 
belonging to BANK2 and the bottom half belonging to 

20 BANK3. Of the two LIOs on each side of the sub-array 
portions 234a-234/i, one of the two LIOs carry data to and 
from one of the banks and the other of the two LIOs carry 
data to and from the other bank. For example, the leftmost 
of the two LIOs on the left side of the sub -array portion 234a 

25 carries data to and from the BANK0 Half and the rightmost 
of the two LIOs on the left side of the sub-array portion 234a 
carries data to and from the BANK1 half of the sub-array 
portion 234a. Likewise, the leftmost of the two LIOs on the 
left side of the sub-array potion 234e carries data to and from 

30 the BANK2 half and the rightmost of the two LIOs on the 
left side of the sub-array portion 234e carries data to and 
from the BANK3 half. 

The amplifiers (AMP) drive the data from the LIOs to the 
data line bus DLQ0. The data line bus DLQ0 transports the 

35 data to data output driver circuits (not shown). The data line 
bus DLQ0 also carries the data to the first and second data 
compression circuits 204a and 2046. The first data com- 
pression circuit 204a receives up to 16 bits of data from the 
BANK0 and/or BANK1 portion of array portion 210. The 

40 second data compression circuit 2046 receives up to 16 bits 
of data from the BANK2 and/or BANK3 portion of array 
portion 210. 

The first data compression circuit 204a comprises a data 
compare circuit section 218a and a ripple circuit section 

45 226a. The data compare circuit section 218a comprises four 
data compare circuits 242a-242a*. Each data compare circuit 
242a-242a' receives data from its corresponding sub-array 
section 234a-234a*, The data compare circuits 242a-242^ 
compare the data received. If the received data all has the 

50 same logic level, then the data compare circuits 242a-242o* 
will either produce a TRUE output or a FALSE output on 
compare data output lines 260a-260a\ depending on the 
logic level received. However, if the data does not "match" 
and all the data is not of the same logic level, then the data 

55 compare circuits 242a-242a* will produce an ERROR output 
on compare data output lines 2600-2600*. 

The ripple circuit section 226a of the first data compres- 
sion circuit 204a comprises two ripple circuits 250a and 
2506. Ripple circuit 250a receives compare data output lines 

60 260a and 260c and produces a ripple output 268a. The ripple 
output 268a will be at a TRUE logic level if both compare 
data output lines 260a and 260c are at the TRUE logic level 
and will be at a FALSE logic level if both compare data 
output lines 260a and 260c are at the FALSE logic level. The 

65 ripple output 268a will be at an ERROR logic level if either 
of the compare data output lines 260a and 260c is at the 
ERROR logic level. The ripple circuit 2506 receives com- 
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pare data output lines 260c and 260d and produces a ripple output 270g. The ripple circuit 252/t receives the ripple 

output 2686. The ripple circuit 2506 operates in the same output 270/ and the compare data output 262/) and produces 

manner as the ripple circuit 250a. a ripple output 270h. The ripple circuits 252e-252/z operate 

The second data compression circuit 2046 also comprises in the same manner as the ripple circuits 250a-250a\ pro- 

a data compare circuit section 2186 and a ripple circuit 5 ducing a ripple output having a TRUE logic level if its inputs 

section 2266. The data compare circuit section 2186 com- are at the TRUE logic level. A FALSE logic level it its inputs 

prises data compare circuits 242c-242/i which operate in the are at the FALSE logic level, and an ERROR logic level 

same manner as the data compare circuits 2420-242*/ in the either of its inputs are at the ERROR logic level, 

data compare circuit section 218a. The data compare circuits The semiconductor memory 200 of FIG. 2A and FIG. 2B 

242e-242A receive data from their corresponding sub-array 10 has a memory array 202 that has four array portions 

sections 234e-234& and provide compare data output lines 210-216. In order to simplify the drawing only three of the 

26Qe-26Qh with either a TRUE logic level, FALSE logic array portions 210, 212, and 216 are shown along with the 

level, or ERROR logic level in the same manner as the data corresponding circuitry in the first and second data com- 

compare circuits 242a-242d. The ripple circuit section 2266 pression circuits 204a and 2046. Array portion 216 shown in 

comprises two ripple sections 250c and 250o\ The ripple 15 FIG. 2B contains eight sub-array portions 240a-240/( an d is 

circuit 250c receives data compare output lines 260e and generally identical to the array portions 210 and 212 

260g and produces a ripple output 268c. The ripple circuit de * cnbed ear ^ er ™* P°* l0 ° 216 J s *™?* 6 f° 

250d receives data compare output lines 260/ and 1 260A and ™ ^^ESS* • T ' ^1 Z 

a -I. firoj £u 1 • •« ien a banks BANKO-3 in the same manner as array portions 210 

produces a ripple output 268d. Tbe npp e circuits 250c and and 212 ^ first daU resskm circ J fa 

25W operate in the same manner as ripple circuits 250a and 20 comprises a mmpm circuit ^ ction 224a lhal operates ^ lhe 

same manner as compare circuit sections 218a and 220a, 

The memory array 202 of the semiconductor memory 200 except the compare circuit section 224a receives up to 

in FIG. 2A and FIG. 2B further comprises an array portion sixteen data bits from the array portion 216. 

212 that provides data to data line bus DLQ1 via its LlOs The f rst data compression circuit 204a further comprises 

and amplifiers (AMP) in the same manner that array portion 2 s a ripple circuit section 232a that receives the compare data 

210 provides data to the data line bus DLQ0. The array output 266a-266a* as inputs and also receives the ripple 

portion 212 is divided into sub-array sections 236a-236/t, outputs 272c and 272a* as inputs. The ripple circuit section 

which are divided into four banks BANKO-3 in the same 232a comprises four ripple circuits 256a-256a\ The ripple 

manner as array portion 210. The first data compression circuit 256a receives the ripple output 272c and the compare 

circuit 204a further comprises a compare circuit section 30 data output 266a and produces a ripple output 274a. The 

220a that operates in the same manner as compare circuit ripple circuit 2566 receives the ripple output 272a* and the 

section 218a, except the compare circuit section 220a compare data output 2666 and produces a ripple output 

receives up to sixteen data bits from the array portion 212. 274b - nG ri PP le circuit 256c receives the ripple output 274a 

Tlie first data compression circuit 204a further comprises an ? ^ 2 f^jf P roduce f* ri PP| e 

* v 4 - *u j * output 274c. The ripple circuit 256a receives the ripple 

a ripple circuit section 228a that receives the compare data 35 / JtL ^ , 4 t j «fj«v 

. * * a % *u • 1 output 2746 and the compare data output 266d and produces 

ou pu 262a-2620- as mputs and also receives the ripple a ripple output 274a". The ripple circuits 256a-256ef operate 

outputs 268a and 2686 as -inputs. The n PP k .circuit section m ™ same H manner ^ ih ™ { le circuits 25 0a-250^ and 

228a comprises four ripple circuits 252a 252a\ The npple 2 S2a-2S2h, producing a ripple output having a TRUE logic 

circuit 252a receives the npple output 268a and the compare kvd $ its m at the XRUE logic leyel> a FALSE logic 

data output 26 a and produces a ripple output 270a. The 40 level it its inputs are at the FALSE logic level, and an 

ripple circuit 2526 receives the ripple output 2686 and the ERROR logic level if either of its inputs are at the ERROR 

compare data output 2626 and produces a ripple output logic level. 

2706. The ripple circuit 252c receives the ripple output 270a The second data compression circuit 2046 further com- 

and the compare data output 262c and produces a ripple prises a compare circuit section 2246 that operates in the 

output 270c. The ripple circuit 252a* receives the ripple 45 same manner as compare circuit sections 2186 and 2206, 

output 2706 and the compare data output 262d and produces except the compare circuit section 2246 receives up to 

a ripple output 270a 1 . The ripple circuits 252a-252a' operate sixteen data bits from the array portion 216. The second data 

in the same manner as the ripple circuits 2500-2500*, pro- compression circuit 2046 also comprises a ripple circuit 

ducing a ripple output having a TRUE logic level if its inputs section 2326 that receives the compare data output 

are at the TRUE logic level A FALSE logic level if its inputs 50 266e-266h as inputs and also receives the ripple outputs 

are at the FALSE logic level, and an ERROR logic level 272g and 272A as inputs. The ripple circuit section 2326 

either of its inputs are at the ERROR logic level. comprises four ripple circuits 256e-256/j. The ripple circuit 

The first data compression circuit 2046 further comprises 256e receives the ripple output 272g and the compare data 

a compare circuit section 2206 that operates in the same output 266e and produces a ripple output 27 4e. The ripple 

manner as compare circuit section 2186, except the compare 55 circuit 256/ receives the ripple output 272h and the compare 

circuit section 2206 receives up to sixteen data bits from the data output 266/ and produces a ripple output 274/ The 

array portion 212. The second data compression circuit 2046 ripple circuit 256g receives the ripple output 274e and the 

also comprises a ripple circuit section 2286 that receives the compare data output 266g and produces a ripple output 

compare data output 262e-262h as inputs and also receives 274g. The ripple circuit 2S6h receives the ripple output 274/ 

the ripple outputs 268c and 268a* as inputs. The ripple circuit 60 and the compare data output 26 6h and produces a ripple 

section 2286 comprises four ripple circuits 252e-252/i. The output 274/i, The ripple circuits 256e-256/t operate in the 

ripple circuit 252e receives the ripple output 268c and the same manner as the ripple circuits 250a-250a* and 

compare data output 262c and produces a ripple output 210e. 2S2a-2S2h 9 producing a ripple output having a TRUE logic 

The ripple circuit 252/ receives the ripple output 268a* and level if its inputs are at the TRUE logic level, a FALSE logic 

the compare data output 262/ and produces a ripple output 65 level if its inputs are at the FALSE logic level, and an 

270/ The ripple circuit 252g receives the ripple output 270e ERROR logic level if either of its inputs are at the ERROR 

and the compare data output 262# and produces a ripple logic level. 
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The first and second data compression circuits 204a and inputs and produces an output. The two-input AND gate 

204b further comprise a ripple circuit 258a and 2586 respec- G302 receives data lines DLQXc and DLQXd as inputs and 

tively. The ripple circuit 258a receives the ripple outputs produces an output. The two-input NOR G306 receives the 

274c and 274d and provides a global data compare output output of gate G302 and SELB_ as inputs and produces an 

276a. The ripple circuit 2586 receives the ripple outputs 5 output. The two-input NOR G308 receives the outputs of 

274g and 274/i and provides a global data compare output G304 and G30 6 as inputs and produces the true compare 

2766. The global data compare outputs 276a and 2766 are output TRUE. 

provided to first and second multiplexer 206a and 2066, _ , *m . . , . . 

*• i tl w i a met* *u *u The true compare 302 has two data line compare paths, 

respectively. The multiplexers 206a and 2066 pass either the ™ c . t . . / m rtV .LniAvu j.l 

i u i a * * . -vk a met. .u a. i* The first path is for comparing DLQXa with DLQXb and the 

global data compare output 276a and 2766 or the data line 1fl , /\. . * Mr JL-JL m nvn „„•♦!, m hyj -ru 

* * st\t ai jTMnii\. ,l * » a * mo j 10 second path is tor comparing DLQXC with DLQXd. The 

output (DLQ3a and DLQ36) to the output dnver 208a and - . .£ . ^ . . . . \. Jt T A . . , . 4 . 
.J, , , tU \u ' a 4- • P am 115 enabled by the SELA^_ signal being at a logic 

2086, depending on whether the semiconductor memory is , ; , M , J . , Jf tU CC ? D , ? 

. , ' *^ . , 6 . , , # . , ./.. low level. The second path is enabled by the SELB being 

in the parallel test mode or a normal operating mode. If the at a i 0 c i ow ] eve i ~~ 

semiconductor memory 200 is in the parallel test mode, the 8 

outputs DQa and DQb will have parallel test data that 15 The false com P are 3( >4 receives the data lines 

signifies whether the bits tested were all at a TRUE logic (DLQXa-DLQXd, and the SELA_, and SELB_ signals as 

level, FALSE logic level, or there were some bits that were m P uts and P roduces a ^ compare output FALSE. The 

not at the same logic level as the others. Under the condition faUe compare 304 comprises two inverters (1300 and 1302), 

in which some bits tested are not at the same logic level as ^ 0R gates (G310 and G312) and three two- 

the others, the output DQa or DQb will be at the ERROR M m P ut NAND S ates ( G314 > G316 * and G318 )' ^ two-input 

logic level. Examples of a TRUE logic level, FALSE logic 0R S ate G310 receives data lines DL QXa and DLQXb as 

level, and ERROR logic level may be a logic one, logic zero, m P uts md Produces an output. The inverter 1300 receives 

and high impedance state respectively. SELA__and produces an output. The two-input NAND 

Aspace saving aspect and a speed improving aspect of the G314 receiv f** e 0Ut P ut of ^ G3V ? and SELA * b ? 

invention can be explained further with reference to FIG. 2A 25 of ^erter 1300, as inputs and produces an output. The 

and FIG. 2B. It can be seen that only eight routing channels <~P ut 0R S ate G312 / eceives data ^ S , DL QXc and 

(ripple outputs 26$a-d, 27Qa-h, and 274a-h on top and DLQXd as inputs and products an output. Theinverter 1302 
bottom) are used for the parallel test circuitry running from ^ELB_ and T a " OUtp ^, ? e ' T* 

left to right along the semiconductor memory 200 If the ?AND G316 receives the output of gate G312 and SELB_, 

ripple circuits 250a^, 2S2a-fc, and 256a-h were not used in 30 £ Way ° f ^TJ^A^J^ md P 0 *"* 8 ™ ?5S?; 

the parallel test implementation, the data compare outputs ™ e ^; m P u f NAND 9 , receiV l eS ^ 0utpUtS of 0314 

(260*-A, 262a-A, 266a-A, as well as compare outputs not £j® 16 mpUtS a ° d pr ° duCeS tbe ^ Gompm ° UtpUt 
shown for array portion Quad-2) could occupy up to 64 — ' 

routing channels. This would greatly increase the die size The false compare 304 has two data line compare paths, 

and adversely effect production costs. It is also noted that the 35 The first P atn is for comparing DLQXa with DLQXb and the 
ripple outputs 26Sa-d, 270a-A, and 274a-^ are only routed P ath is for comparing DLQXc with DLQXd. The 

for a relatively small distance (less than Vs of the chip first P ath is enabled by the SELA^_ signal being at a logic 

length), this greatly reduces the parasitic resistance and l° w level - The second path is enabled by the SELB_ being 

capacitance effects of the conductor, which increases speed. at a l°fii c l° w level. 

Also, due to the small distance, the ripple outputs outputs 40 During a data comparison, the true compare output TRUE 

268a— d, 270a-A, and 214a~h may be routed in a "lower" will be at a logic high level if all of the data being compared 

conductive layer, such as a metal 1 layer in a 2-metal is at a logic high level (i.e. the data is a "1"). The true 

process. This would further decrease die size because the use compare output TRUE will be at a logic low level if any of 

of a "lower" conductive layer can be routed below the data being compared is at a logic low level (i.e. any of 

(z-direction) the normal routing channel and will not cause 45 the data is a "0"). The false compare output FALSE__ will 

the die dimensions to be pushed out. be at a logic low level if all of the data being compared is 

The semiconductor memory 200 in FIG. 2 A and FIG. 2B at a logic low level (i.e. the data is a "0")."). The false 

can test up to 128 bits in parallel with 64 bits coming from compare output FALSE_ will be at a logic high level if any 

BANK0 and BANK1, and 64 bits coming from BANK2 and of the data being compared is at a logic high level (i.e. any 

BANK3. Although 128 bits may be tested in parallel, the 50 of the data is a "1"). Thus, if there is no error, the true 

compare circuits 248a-248/i, 250a-250/i, and 2S4a-2S4h compare output TRUE and false compare output FALSE_ 

may receive control signals and address signals that will should be at the same logic level. If the data being compared 

allow only a portion of the available bits to be tested. This is all at a logic low level, then the false compare output 

may allow for example, 16-bit, 32-bit, 64-bit or 128-bit data FALSE__ should be at a logic low level (indicating that the 

comparisons in the parallel test mode. 55 data is false or "0") and the true compare output should be 

Referring now to FIG. 3, a logic schematic diagram of a a t a logic low level (indicating that the data is not true or 

compare circuit is set forth and is designated by the general "1")- However, if the data being compared is all at a logic 

reference character 300. The compare circuit 300 comprises ni g n level > then the false compare output FALSE_should be 

a true compare 302 and a false compare 304. The true a » a logic high level (indicating that the data is not false or 

compare 302 receives the data lines (DLQXa-DLQXd, and 60 "°") and th e true compare output should be at a logic high 

two signals SELA_, and SELB_ as inputs and produces a level (indicating that the data is true or "1"). If there is an 

true compare output TRUE. The true compare 302 com- error (i.e. any of the data being compared is at a different 

prises two two-input AND gates (G300 and G302) and three logic level than the other data), then the true compare output 

two-input NOR gates (G304, G306, and G308). The two- TRUE will be at a logic low level and the false compare 

input AND gate G300 receives data lines DLQXa and 65 0Ut P ut FALSE_ will be at a logic high level. 
DLQXb as inputs and produces an output. The two-input The compare circuit 300 can be enabled to compare only 

NOR G304 receives the output of gate G300 and SELA as the data on the data lines DLQXa and DLQXb or enabled to 
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compare only the data on the data lines DLQXc and DLQXd 
or the data on all four data lines DLQXa-DLQXd. If 
SELA_ is enabled (at the logic low level) and SELB_ is 
disabled (at the logic high level) then only DLQXa and 
DLQXb are compared because NOR gate G304 and NAND 5 
gate G314 are enabled, but NOR gate G306 and NAND gate 
G316 are disabled. If SELA^_ is disabled (at the logic high 
level) and SELB_ is enabled (at the logic low level) then 
only DLQXc and DLQXd are compared because NOR gate 
G306 and NAND gate G316 are enabled, but NOR gate 
G304 and NAND gate G314 are disabled. If both SELA_ 
and SELB_ are enabled (at the logic low level) then all of 
the data lines DLQXa-DLQXd are compared because NOR 
and NAND gates (G304, G306, G314, and G316) are 
enabled. The SELA_ and SELB_ signals may comprise J5 
address and parallel test control signal information. This will 
allow flexibility in the parallel test configurations that may 
be implemented by the user. 

Referring now to FIG. 4A, FIG. 4B, and FIG. 4C, ripple 
circuits for the preferred embodiment are set forth in logic 2 q 
schematic diagrams and designated with the general refer- 
ence characters 400, 410 and 420 respectively. Tlie ripple 
circuit 400 is representative of the ripple circuits 250a and 
2506 in FIG. 2A. The ripple circuit 410 is representative of 
the ripple circuits 252c and 2S2d in FIG. 2 A and 256c and 25 
256a" in FIG. 2B. The ripple circuit 420 is representative of 
the ripple circuits 252a and 252b in FIG. 2 A and 256a and 
2566 in FIG. 2B. 

The ripple circuit 400 comprises a true ripple circuit 402 
and a false ripple circuit 404. The true ripple circuit 402 30 
receives the true compare TRUEO and the true compare 
TRUE1 and produces a true ripple output GTRUE(0). The 
true ripple circuit 402 comprises two inverters (1400 and 
1402) and a two-input NOR gate G400. The NOR gate G400 
receives true compare TRUEO by way of inverter 1400 as 35 
one input, and receives true compare TRUE1 by way of 
inverter 1402 as the other input, and generates the true ripple 
output GTRUE(O) as an output. The false ripple circuit 404 
receives the false compare FALSE0__ and the false compare 
FALSE1_ and produces a false ripple output GFALSE__(0). 40 
The false ripple circuit 404 comprises two inverters (1404 
and 1406) and a two-input NAND gate G402. The NAND 
gate G402 receives FALSE0 by way of inverter 1404 as one 
input, and receives false compare FALSE1_ by way of 
inverter 1406 as the other input, and generates the false 45 
ripple output GFALSE_(0) as an output. 

Referring to FIG. 4B, the ripple circuit 410 comprises a 
true ripple circuit 412 and a false ripple circuit 414. The true 
ripple circuit 412 receives the true compare TRUE and a true 
ripple output GTRUE_(n-l) (from a previous ripple circuit) 50 
and produces a true ripple output GTRUE(n). The true ripple 
circuit 412 comprises an inverter 1410 and a two-input NOR 
gate G410. The NOR gate G410 receives the true compare 
TRUE by way of inverter 1410 as one input, and receives the 
true ripple output GTRUE(n-l) (from a previous ripple 55 
circuit) as the other input, and generates the true ripple 
output GTRUE(n) as an output. The false ripple circuit 414 
of FIG. 4B receives a false compare FALSE__ and a false 
ripple output GFALSE(n-l) (from a previous ripple circuit) 
and produces a false ripple output GFALSE_(n). The false 60 
ripple circuit 414 comprises an inverter 1412 and a two-input 
NAND gate G412. The NAND gate G412 receives FALSE_ 
by way of inverter 1412 as one input, and receives false 
ripple output GFALSE(n-l) as the other input, and gener- 
ates the ripple output G FALSE — (n) as an output. 55 

Referring to FIG. 4C, the ripple circuit 420 comprises a 
true ripple circuit 422 and a false ripple circuit 424. The true 
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ripple circuit 422 receives the true compare TRUE and a true 
ripple output GTRUE(n-l) and produces a true ripple output 
GTRUE__(n). The true ripple circuit 422 comprises a two- 
input NAND gate G420. The NAND gate G420 receives the 
true compare TRUE as one input and receives the true ripple 
output GTRUE(n-l) as the other input and generates the 
true ripple output GTRUE ___(n) as an output. The false 
ripple circuit 424 of FIG. 4C receives a false compare 
FALSE_ and a false ripple output GFALSE_(n-l) and 
produces a false ripple output GFALSE(n). The false ripple 
circuit 424 comprises a two-input NOR gate G422. The 
NOR gate G422 receives FALSE_ as one input and receives 
false ripple output GFALSE_(n-l) as the other input and 
generates the false ripple output GFALSE(n) as an output. 

It can be seen that the compare outputs 260a-/», 262o-/z, 
and 264a-/», and ripple outputs 26$a-d, 210a-h, and 214a-h 
of FIG. 2 A and 2B have a true logic component and a false 
logic component. In a pass situation, the true logic compo- 
nent and the false logic component are both at the same logic 
level. The global compare outputs 276a and 216b of FIG. 2B 
also have a true logic component and a false logic compo- 
nent. In a pass situation, the true logic component and the 
false logic component are both at the same logic level. In 
order to output only a pass or fail signal, the multiplexers 
206a and 206b may incorporate an exclusive OR (XOR) or 
exclusive NOR (XNOR) function. Thus, if both the true 
logic component and the false logic component of the global 
compare outputs 276a or 216b are at the same logic level, 
the XOR/XNOR function will output a pass logic level, but 
if the global compare outputs 276a or 216b are at opposite 
logic levels, the XOR/XNOR function will output a fail 
logic level. The pass or fail logic level will then be output to 
the output pin DQa or DQb. 

Although the preferred embodiment of the data compari- 
son circuits are provided in a Synchronous DRAM, this 
should not be construed as a limitation. Other memory 
devices could benefit from the invention, a non-exhaustive 
list would include standard DRAM, ferroelectric RAM, 
Static RAM, and Programmable Read Only Memories to 
name just a few. The invention may be used in an error 
detection system in which the BANKS and array portions 
are individual memory chips and the compare circuits com- 
pare outputs from the memory chips. 

Although the present invention has been described in 
detail, it should be understood that various changes, 
substitutions, and alterations could be made without depart- 
ing from the spirit and scope of the invention as defined by 
the appended claims. 

What is claimed is: 

1. A semiconductor memory device having a parallel data 
test mode, comprising: an array of memory cells arranged in 
rows and columns, the array of memory cells being divided 
into a plurality of array portions; 

a plurality of compare circuits, each compare circuit 
receiving a plurality of data bits from a different said 
array portion and generating a compare output, the 
compare output having a pass indication if the plurality 
of data bits have the same logic level and having a fail 
indication if the plurality of data bits do not have the 
same logic level; 

a plurality of ripple circuits, each ripple circuit receiving 
the compare output from a different one of said com- 
pare circuits and generating a ripple output having a 
pass indication and a fail indication responsive to said 
compare output; and 

at least one of the plurality of ripple circuits further 
receiving a ripple output from another of the plurality 
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of ripple circuits, the ripple output of the at least one an output driver coupled to receive the ripple output from 

ripple circuit being in the fail indication if either the the last of the ripple circuits arranged in series, the 

received ripple output or the received compare output output driver generating a data output, 

are in the fail indication. 7. The semiconductor memory device of claim 6, wherein 

2. The semiconductor memory device of claim 1, wherein 5 eacri compare circuit comprises a true compare circuit for 
the compare output further comprises a true indication when comparing the plurality of data bits for a logic one condition, 
the plurality of data bits all have one logic level. 8 ^ semiconductor memory device of claim 7, wherein 

3. The semiconductor memory device of claim 2, wherein each compm circuil comprises a false compare 
the ripple output of the at least one ripple circuit further ^ for ri the luralit of data bits for a lo ^ c 
comprises a true indication when the compare output 10 zerQ condition 

received and the ripple output from another of the plurality 9 The ^conductor memory device of claim 6, wherein 

of ripple circuits have the true mdication each compare circuit receives a select signal for selecting the 

4. Hie semiconductor memory device of claim 1, wherein ^ q[ d ^ W|s tQ be ared b the are circuit 
the compare output has the false indication when the plu- 10 ^ ^mory device of claim 6, 
rality of data bits all have a zero logic level is wherein the semiconductor memory device has a die length 

5. The semiconductor memory device of claim 4, further and a die ^ ^ ^ d{& ^ bem ^ tfaan {h& d]& 
including the npple output of the at least one npple circuit kngth; eacfa rf h fa traasmitted b a nndactor 
further compnses a false indication when the compare havin a ^wtor le th and a conductor ^dlh with the 
output received and the npple output from another of the conductor ^ bcifl ^ than ^ k th; and 
plurality of npple circuits have the false mdication. 20 each conduclor le th ^ less man 1/a of lhe die le tQ 

6. A semiconductor memory device, comprising am array u Tfae ^ micon6uciOT m devicc of claim 6 wherein 
of memory celk arranged iv irows and columns the array of each from a ^ ^ {Q a rf 
memory cells being divided into a plurahty of array por- CQUpled mereto does nQ{ ^ {q ^ ^ [mm 

tl0ns ' another ripple circuit of said plurality of ripple circuits to the 

a plurality of compare circuits, each compare circuit 25 ripple circuit coupled thereto, 

receiving a plurality of data bits from an array portion 12. The semiconductor memory device of claim 6 wherein 

and generating a compare output, the compare output sa jd memory device is contained on a single chip and further 

indicating the result of a comparison of the plurality of including data lines coupling said plurality of ripple circuits, 

data bits; the length of each of said data lines being less than the length 

a plurality of ripple circuits coupled together in series, 30 of the chip, 
each ripple circuit receiving the compare output from a 

compare circuit and generating a ripple output; and * * * * * 
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